AP Physics C — Work, energy and power

Work — Work is done to an object if the force moving the object causes a change in forms
of energy associated with the object. In short, work is a change in energy.

W = f F ¢ dx, Work is always the integral of the force function with respect to

displacement in the direction of the force, but if the force is constant, we can use
W = Fdcos Where d is the distance moved and 6 is the angle between the force vector
and the distance direction.

Work,et= AK The total work done by all forces acting on an object equal the change in
kinetic energy of the object

Work.s=-AU Work by conservative forces only, equal the opposite of the change in

potential energy by that force. Conservative forces give energy and take energy equally
as direction is changed. (ie. gravity and springs)

Energy = the ability to do work either immediately or later.

Types of energy — two main forms of mechanical energy are potential energy and kinetic
energy. (other forms not covered here include thermal, nuclear, chemical, sound, light,
electric and magnetic).

Conservation of energy — E; = Er The energy at one point in time for a given system is
equal to the energy at another point in time although it is allowed to change form.

Potential energy: There are two forms of mechanical energy we will study, gravitational
potential energy and spring (or elastic) potential energy. Both use the variable U.

Gravitational potential energy
U, =mgh, on Earth, but for any two masses anywhere in space we use U, = e ik U
,
the negative sign is assigned because the scientific community decided that when you are
furthest away (infinitely far) that would be called 0 Joules of energy. So, everything

below that point would be less energy and therefore negative

The idea behind Uy is that the higher an object is above the ground, the more it can pick
up speed (kinetic energy) as it falls, therefore it must have more stored energy the higher
it is.

Remember, W = -AU so the work done by the force of gravity creates potential energy
opposite to the work done. If the force of gravity does work on a rock (gives it more
kinetic energy as it falls) then the change in potential energy is negative (it is losing
potential energy).



U, =- f —~G—52dr the negative sign on the force comes from the force pointing the
r

opposite way r is measured. (F is toward the planet, r is away from the planet)

Spring potential energy: The energy stored by stretching a spring.
1
U, =-W = —fF *dx = —f —kx ® dx = Ekx2 In short, when a spring is ideal (obeys

1
Hooke’s Law, F = -kx) then U, = Elcx2

Kinetic Energy — the energy of motion. We will look at two types of kinetic energy,
translational (the center of mass moves to a new location) and rotational

Translational kinetic energy:
K=" mv’

Rotational kinetic energy:

Kr =" Iw® Where I is the moment of inertia (a rating of how difficult it is to change the
rotational velocity of an object) and w is the angular (or rotational) velocity of the object.

Putting it all together:
Ei = Ef
U, +K;=U;r+ K¢

Ugi+Usi+Ki+Kri +Wnc:Ugf+Usf+ K¢+ Kr
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mgh, + —kx” +—mv, +—lw +W, =mgh +—kx,”+-mv,”+—lw,” Whew!
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Wi represents work done by non-conservative forces that act on the system from the
outside (ie. friction and freshman).

Power — the rate at which work is done

dw - W . L
P = I or P= - if solving for average power over the time interval.

dt dt dt dt



